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It has been a steep learning curve as a second year-undergraduate student researching
hollow-core nanogels. Many of the concepts used to design and synthesize nanogels for
controlled drug delivery and biosensing are taught in upper-division courses that I have not yet
taken.
The Leatherby Libraries have played a tremendous role in understanding my research's
chemistry, physics, and biological components. A vast number of research works have been
carried out with nanogels due to their high characterizability, which stems from an understanding
of the different chemical interactions that take place during the synthesis process. I relied on the
library’s offering of two specific journals, ACS Publications and SciFinder, to learn more about
synthesis strategies. The former helped me discover different materials capable of constructing
distinct layers of nanogels. For example, an article in the journal detailed the chemical structure
of N-Isopropylacrylamide (NIPAM) and the contribution of the compound’s functional groups in
polymer chain formation. SciFinder’s user-friendly interface made it simple to visualize the
progression within the field. The citation maps generated by the journal linked different topics,
helping me explore a variety of crosslinking reagents such as 3-(Trimethoxysilyl)propyl
methacrylate (MPS) that I plan on using to control the “softness” of my nanogels.
At the current stage of my research, I am mainly focused on the chemical aspects of hollow-core
nanogel synthesis. However, I have explored other journals such as PubMed, Medline, and The
Journal of Chemical Physics to better prepare for the later stages of my research that focus on
biosensing and drug delivery. Articles found within these journals have aided my understanding
of the behavior and physics of nanogels when crowded together. Understanding these concepts is
critical as I plan to explore more efficient drug delivery methods that require greater and more
compact drug loads.
To better understand and navigate the Library’s resources, I decided to meet with Dr. Doug
Dechow. He explained his research strategies which were beneficial in narrowing down my
search results. I began to use more specific databases that focused on the topics I was interested
in exploring, which was how I discovered the previously listed journals. Additionally, I narrowed
my results to ones specific to the reagents and conditions I planned to use. For example, on ACS
Publications, I navigate through the “Topics” selections to focus on more specific chemical
sciences. With my nanogels primarily being polymer-based, it was helpful to select the “polymer
science” topic, narrowing my results to 53 articles. When navigating through SciFinder, Dr.
Dechow introduced me to citation maps and the importance of “citation chaining.” I found
citation chaining to be a method of building on the knowledge of articles I’ve read and learning
more about the progress other research groups have made with the cited article. Lastly, I was
introduced to interlibrary loans, which helped me access physics-related works that I found
critical for educating myself on the physics of nanogel interactions.

My research PI suggested I should also meet with Dr. Shalini Ramachandra, who played an
essential role in the words and punctuation I used in search engines. During our meeting, she
gave me a lesson on Boolean operators and how they can be used to achieve more focused and
productive results. I also recall her emphasis on methods of critically evaluating articles. She
explained a simple process of looking at the author’s previous work to better understand their
expertise within the field. Additionally, she pointed out that articles typically show the number of
times they have been cited in other works. I found this necessary to ensure that the information I
was gathering was reproducible when implemented in my procedures.
Implementing Boolean operators and the search techniques acquired from Dr. Dechow and Dr.
Ramachandra narrowed my results to single digits. My searches evolved from “nanogels” to
more sophisticated ones such as “ ‘Hollow-Core Nanogels’ AND ‘N-Isopropylacrylamide.’” I
used similar techniques to learn more about the different layers and materials required to design a
nanogel’s core, shell, and softness. The gained knowledge allowed me to work with my research
PI to adjust and make a more efficient procedure for synthesizing hollow-core nanogels.
My journey through the Leatherby Libraries is still far from over as I continue to learn more
about chemical, biological, and physics-related concepts within my area of study. I anticipate the
library’s resources to continue being an integral part of my research as I progress through
synthesis, characterization, imaging, and model drug loading stages. I hope advancements within
my field of study will serve as a stepping stone for other scholars looking to make a difference in
medicine and creating more effective and economically accessible forms of medication. This is a
relatively new field that has shown promising results, and I am proud to be contributing to its
progression.
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Designing Hollow Nanogels for Drug Delivery Applications
Mohamad Hijazi and Dr. Molla Islam
Introduction
Use of Microgels in the past decade has allowed tremendous advancements in drug
delivery and biosensing. Microgels can vary anywhere from nanometers to micrometers of
connected polymers, creating a mesh-like spherical structure. They can be engineered to different
sizes and respond to different temperatures, pHs, solvents, and several other responses.
Additionally, their shape and structure can be manipulated to optimize drug loads delivered to a
target region. Hollow microgels can be manipulated into different capsule-like systems to protect
loaded drugs and optimize drug delivery.
Overview
Hollow nanogel provides excellent structural
formation that separates them from traditional microgels.
When synthesizing hollow nanogels, a core will first be
synthesized (Figure 1.A). Then a polymerizable thin shell
will be placed to allow us to grow the shell (Figure 1. B).
The silica-based core will be synthesized because of ease
of synthesis and ease of core dissolution to get a hollow
structure (Figure 2. B).
N-isopropyl acrylamide (NIPAm) based shells will
be grown. Hollow nanogel will be synthesized with
different core diameters and shell thicknesses. The shell of
the nanogel is highly characterizable. When constructing
the shell, acetic acid (Ac) or N-(3-aminopropyl)methacrylamide- hydrochloride (APMH) can be added
with NIPAM to change the charge of the shell. Acetic acid
creates negatively charged shells, while APMH creates
positively charged shells. The control of shell charges
plays a significant role in the molecules attracted and
carried by the nanogels. This allows us to make hollow
nanogels that are both temperature and pH-responsive.
These chemistries will help us to load drugs with
different functionality and size.
Several tools can be used to characterize the
nanogels and study the drug release. Differential
interference contrast microscopy (DIC), Scanning
electron microscopy (SEM), Scanning transmission
electron microscopy (STEM), and Atomic force

microscopy will be used. Absorption/ fluorescence spectroscopy and confocal microscopy will
be used to monitor drug release kinetics.
Objective
The objective of this study is to design a better nanogel-based drug delivery system
where the drugs can be loaded and protected from the surrounding environment before they can
be released. The structural construct will help us design capsule-like structures with greater
control over their structure, porosity, and deformability than other traditional micro/nanogel
systems.
Timeline
Month 1

Synthesis and characterizations of silica core; addition of shell.

Month 2

Purification and characterization of the core-shell; Manipulation of core size.

Month 3

Making hollow-shell nanogels; core-shell with thicker shell; characterization.

Month 4

Design core-shell and hollow region with pre-defined diameters.

Month 5

Study loading capacity and release kinetics of model drugs with different
molecular weights.

Month 6

Using fluorescent drugs for real-time monitoring of drug release in
comparison to traditional core-shell nanogels.

